In this report, oxygen potential. P~., at the interface between slag and molten iron of high carbon concentration is estimated from the experimental results of the authors' previous kinetic study of phosphorus reaction. Themethodof the estimation of Pb, is based on an assumption that a quasi-equilibrium is established in the slag-metal system at the time point when the phosphorus reaction changes its direction from dephosphorization to rephosphorization.
Introduction
It is a well accepted idea for metallurgists that an interfacial oxygen potential affects seriously the simultaneous reactions between FetO containing slag and molten iron of high carbon concentration. The quantitative aspects of the interfacial oxygen potential has however not yet been established since no methodhas been available for the direct measurement of the interfacial oxygen potential. An indirect method in which the interfacial oxygen potential is estimated by the equilibrium data of the slag-metal reactions is not applicable to the FetO containing slag/molten Fe-C systems where the slag-metal reactions are accompanied by CO evolution at the slag-metal interface and the equilibrium data of the slag-metal reactions are hardly obtained experimentally. Becuaseof the inapplicability of the thermodynamic methods, we should try kinetic approaches which may lead to quantitative estimation of the interfacial oxy~enpotential from rate data of the reactions on some reasonable assumptions.
In the present study, we estimate the interfacial oxygen potential from the authors' kinetic datal) of a phosphorustransfer reaction between a FetOcontaining slag and a molten Fe-~;-~metal on the assumption of a quasi equilibrium of the reaction. On the basis of the estimated data of the interfacial oxygen potential, we investigate detailed mechanism of the phosphorus transfer reaction in conjunction with the theoretical reaction modelwhich has been developed by the authors in the previous report.1) 2.
TheMethodof Estimation of the Interfacial Oxygen Potential 2.1.
Principle
In the previous study,1) the authors made kinetic experiments of the simultaneous P and C oxidation reactions in where t is time; k is the mass transfer coefficient; A is the interfacial area; W is the mass; p is the density; the subscripts i, m and s represent the slagmetal interface, the metal phase and the slag phase, respectively.
A typical example of the experimental results in the previous study is illustrated in Fig. 1 The experiments were madeat 1 573K. A graphite crucible (O.D. 15mm, I.D. 12mm,30mm in length) containing Fel~a lloy (4 g) and the slag (2 g) was suspendedwith Mo wire in the hot zone of a reaction tube placed in a SiC resistance furnace (5.5 kW). The CO gas (gas flow rare: 300cm3/min) was blown through an alulTrina tube onto the slag-metal bath surface. After a predetermined reaction time (1-14hr), the crucible was removed quickly from the hot zone to a water-cooled copper cap which was located at the bottom of the reaction tube, and the slag-metal bath was thus quenched. The phosphorus contents of the slag and the metal were determined by a reduced molybdo-silicate spectrophotometric method. In the experiments, phosphorus was added initially to the slag phase, and hence the slag-metal reaction was the phosphorus transfer reaction from the slag phase to the metal phase.
The experimental In Fig. 2 The experimental conditions other than Po, are also listed in the figure. Apparently P~, increases with the increase in Po,' In the experiments, the rate of P oxidation increased with increasing Po,, which suggested an increase in the interfacial oxygen potential accompanied by the corresponding increase in Lp at the slag-metal interface.
We regard that the results shown in Fig. 3 support the qualitative argument of the previous reportl) quantitatively.
3.3.

Relation between P~= and Mechanical Stirring
Condition
In one series of experiments in the previous study,1) the authors examinedthe effect of the mechanical stirring of the slag-metal bath on the phosphorus reaction rate.
In the experiments, the rotation speed, R, of an alumina eccentric stirrer was changed in the range of 3(~300 min~I . Figure 4 From the results of the authors' another investigation3) on the rate of~oxidation betweenFetOcontaining slag and high carbon concentration iron, wecan expect that the intensification of the mechanical stirring of the slag-metal bath accelerates CO bubbles' detachment from the slag-metal interface and the accelerated detachment of CO bubbles results in the improvement of C oxidation rate and coincident increase in FeO reduction rate, which may lead to a decrease in the interfacial oxygen potential. We consider that Fig. 4 demonstrates quantitatively the decrease in the interfacial oxygen potential and the lowering of Lp at the interface with the intensification of the stirring.
34 Relatron between P~and Fe2+ and Fe3+ Concentrations in the Slag Figure 5 showsthe relation between P~, and the ratio of Fe3+ to the total iron in the slag, Fe3+/(Fe2 + + Fe3+).
In the figure, the data points represented by the symbol O were estimated from the numerical values listed in Table I In Fig. 5 , P~, at the interface tends to increase with Fe3+/(Fe2+ + Fe3+) which is considered usually as an indication of the oxygen potential of bulk slag. Figure   5 thus showsthat P~, at the slag-metal interface tends to increase with the increase in the oxygen potential, Po,,*, of the bulk slag.
Wecan estimate Po,,* of the bulk slag with the measuredvalues of (oloFeO) and (o/oFeO1.5) on the basis of the following thermodynamicrelations.
FeO1.5(1)=FeO (1) Applying the regular solution model to represent yF*o, and using the aFeo data in Fig. 6 Relationship betweenthe oxygen potential in the bulk slag and that at the slag-metal interface.
estimate the oxygen potential, Po,,*, of the bulk slag for the slags of O and e in Fig. 5 . The estimated Po,,* is comparedwith the interfacial P~, in Fig. 7 , where the data represented by e are correspondent to those represented by O in Fig. 5 . The other data in Fig. 7 correspond to those represented by O in Fig. 5 . Wesee in Fig. 7 that P~, tends to increase slightly with the increase in Po.,*, which suggests that the transfer of oxygen from the bulk slag to the slag-metal interface affects the interfacial oxygen potential and influences the phosphorus oxidation reaction thereby. However, we should note the small change in P~,, i.e. P~,/P0= lO~1 6-10~1 5, comparedwith the large change in Po,,., l e Po ./P 10~15-10~12 4.
Calculation of the Interfacial Oxygen Potential with a Reaction Model
In the previous studyi), the authors developed a mathematical model of~oxidation by FeOand Fe203 in a slag under oxidizing atmosphere and showed that the model could explain the results of an experiment under the condition of gas atmosphere of the oxygen partial pressure equal to I .01325 x 104 Paand the stirring speed of 200min~l . In the following parts of the present report, we estimate a slag-metal interfacial potential by the reaction modeland compare the estimated value with the P~, value obtained in the preceding parts of the present report. Assuming the slag-metal interfacial equilibrium, and using a slag-metal interfacial oxygen activity, ao,i' we have the following relations for the reactions of Eqs. pressures in the atmosphere, Po,' As shown in the figure, the model calculation fits the experimental data reasonably well. Figure 9 showsthe time changein the interfacial oxygen potential, P~, .at., obtained from the model calculation for various' Po,' In the figure, P~, *at. increases slightly in the initial period (t -5 min) of the reaction, This initial incease in P~, .*1. corresponds to the initial increase in Fe3+/(Fe2+ + Fe3+) accompanying with the proceeding of FeO oxidation reaction at the slag-gas interface. In the whole time range of the figure, on the other hand, P~,, .*1 ranges from 10~10_l0~9Pa, which suggests that the interfacial oxygen potential of the slag/molten iron with high carbon concentration is affected strongly by the high C content in the metal phase. In the Fig. 9 , however, P~,,..1, increases with time at t > -15min apparently, which is due to the roughness of the approximation employedin the course of the derivation of the rate equation of Eq. (35) for the chemical reaction at the slag~gas interface.
The authors are now investigating the details of the slaggas reaction kinetics. Fig. 10 Here, taking P~o/P0=50 and ac~;1, we have the equilibrium oxygen potential of P~./Po ;Z 6x 10~1 4 at the slag-metal interface. This value, being 10-102 greater than the Pg, obtained in the present study, has the similar order of magnitude with the oxygen potential of the bulk slag in the present study. In spite of the difference in the slag composition between Ohguchi et a/.'s and the present studies, we can consider that the large P~, extracted from Ohguchi et al.'s Pco value is not reasonable as an interfacial oxygen potential which is affected by high C content in the metal.
Wecompare in
5.
Conclusion
In the present study, we estimated the oxygen potential at the interface between FeOand Fe203containing slag and molten iron with high carbon concentration on the assumption of establishment of an quasi-equilibrium of phosphorus reaction at the interface. We calculated the slag-metal interfacial oxygen potential, P~,, using the kinetic data of the experiments madeunder various conditions of the oxygen partial pressure of the atmosphere, the mechanical stirring intensity etc. We investigated the change in P~, with the experimental conditions, focusing on the relation betweenP~, and the C 1993 ISIJ 854 concentrations of Fe2+ and Fe3+ in the slag especially. The P~, obtained from the experimental results was compared with the interfacial oxygen potential calculated from the present authors' reaction model.
The results of the present study are summarized as follows:
(1)
The equilibrium partition ratio of phosphorus was measured between carbon saturated molten iron and 20.5"/oLi20-38.40/0Ca(~41.1 oloSi02 slag at 1 573 K under CO (1.01325 x 105Pa) atmosphere. From the results of the experiments, we obtained the phosphate capacity of the slag, Cpo~-=4.89 x 1024 and the activity coefficient of P02.5 in the slag, ypo,., =7.14 x lO~1 1 (2) In the present phosphorus reaction system, the interfacial oxygen potential, P~,, at the slag-metal interface ranges in the order of 10~11_lO~I o pa.
(3)
The Pg, increases with the increase in the partial oxygen pressure in the atmosphere, and the Pd ecreases with intensifying the mechanical stirring.
(4)
The P~, increases apparently with Fe3+/ (Fe2+ + Fe3+) in the bulk slag. The comparison of Pw ith the bulk slag's oxygen potential, estimated from activity data calculated with a regular solution model, suggests a strong effect of high~concentration on P~, while the bulk slag's oxygen potential also affects P~- (5) The present authors' reaction model, for t~e phosphorus oxidation by FeOand Fe203 in the slag, fits the experimental P~, data reasonably well, which confirms the applicability of the model to the kinetics of the simultaneous reactions between FetO containing slag and molten iron of high~; concentration. 
